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WHAT IS CLAIMED IS 
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x z An exposure method performed by an exposure 

apparatus wfM^h has an optical system to transfer a pattern 
illuminated with exposure light from a light source onto a 
substrate, said method comprising: 

setting an exposure amouiit v control target value in 
accordance with a transmi ttance of saK.d optical system; and 
transferring said pattern onto saidN^bstrate through 
10 said optical system while an exposure amount ils^qpntrolled 
bas^jcU- err said set — exposur e amount control — targ e t vali 

An exposure method according to Claim 1, wherein 
when said e5tpcxsure amount control target value is set said 
15 transmi ttance of sanTd^qptical system is a base to set said 
exposure amount control targ&fc<value , said transmi ttance 
being actually measure4\a > t a predete^m4ned measurement 
interval 




20 3 . An exposure method according to Claim 2, wherfe4n 

said measuremej 
fition 



val is set in accordance with an exposure 




An exposure method according to Claim 3, wherein 
25 said exposurKqondi tion includes a transmi ttance of a mask. 



5. An exposure method accordTiTg~fc^--I^ai : m 3 , wherein 

^diJrtiAL)QSUre Cnnrfl- t - i n n innlmbg ^r.o r^f a mini mum 1i n ^ JT?t^ 
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Hi a permissible exposure amount error. 



6. An exposurl~^metJiod according to Claim 2, wherein 
said measurement interval is chan^ed^-ioa^jaccordance with a 
variation amount between a transmi ttance obtained"&y^a most 
recent transmi ttance measurement and a transmi ttance obtains 
by a measurement perform 
rement , 



ore said most recent 




An exposure method according to Claim 1, wherein 
said setting said exposure amount control target value 
includes 

a prediction function determining to determine a 
transmittance time -varying prediction function for said 
optical system inNaccordance with an irradiation history of 
exposure light on sadd optical system, and 

setting said e^cpo^ure amount control target value based 
on said determined! transmittance time-varying prediction 
function 




8. An exposure method according to Claim 7, wherein 

said time -varying function is a funb^ion expressed by 

f k 



T = a • exp 



I bit 

i-1 



in which T is said transmittance of said optical system, a 
is a parameter representing a rate of change in\said 
transmittance, and b L is a parameter dependent on each exposure 
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An exposure method according to Claim 7, further 
comprisihfir prior to said prediction function determining: 

measuring a period of time in which said exposure 
apparatus mosst recently stops operation; 

measuring an irradiation time of exposure light on said 
optical system lh a self - cleaning operation which is performed 
after said exposirre apparatus most recently stops operation; 
measuring aA exposure light intensity; and 
measuring an Irradiation amount. 



method according to Claim 7, wherein 
Sytosr said optical system is measured 
interval, and said environmental 
conditions are considered when, transmi ttance time-varying 
prediction function is determine 



10. An exposur 
environmental conditli 
at a predetermined t 
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11. An exposure method according to Claim 7, further 
comprising : 

measuring a transmi ttance of said ixptical system at a 
predetermined interval, and 

corrects said transmi ttance time - varyirto prediction 
function each time a transmi ttance measurement is\perf ormed . 

12. An exposure method according to Claim 11, wherein 
said predeterm ined interval of said measuring said 
tr^nrsiffittance is determined in respect to a relationsKTp" 
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required exposure precision. 



13 . An exposurj 
said interval of sai 

short when a r 
said optical system 

long when said 



hod according to Claim 11, wherein 
transmittance is 

pittance of 

is large, and 



d\ measuring Sc 



of change in said tn 



I change in saia transmittance of 
sajLd-^ptical system is small. 



Jh / . An exposure method to transfer a pattern 
llluminatea^a th exposure Ixght from a light source onto a 
substrate through^aj\optical system, said method comprising: 
setting measurement-intervals in accordance with an 
exposure condition; and 

measuring a variation in the amount^of^said exposure 



light passin g through s a i^ j&&tr±x^il system in said set 
measurement intervals. 



15. An exposure method according to C^aim 14, wherein 
said exposure condition includes at least one of an 
illumination condition to illuminate armask, a transmittance 
of said mask, a minimum line width, j&nd a permissible exposure 
amount error. 



16 . An exposure mechod to transfer a pattern 
illuminated with exposure light from a light source onto a 
substrate through ajar optical system, said method comprising: 

measuring a. variation in the amount of said exposure 



87 



light passing through said optical system in a predetermined 
measurement interval; and 

changing said predetermined measurement intervals upon 
said measuring, in accordance with a comparison result of a 
variation of a first measurement of said light amount and a 
variation of a second/measurement of said light amount. 

17. An exposure method according to Claim 16, wherein 
said first and second measurements are performed prior to 
starting of exposure. 



18. An exposure method according to Claim 16, wherein 
said first and second measurements are performed after 
starting of exposure. 



19. An exposure method performed by an exposure 
apparatus to transfer a pattern illuminated from a light source 
with exposure light through an optical system onto a substrate, 
said method comprising: 

a self - cleaning to clean said optical system by 
irradiating said optical system with said exposure light on 
a predetermined condition prior to exposure; 

a prediction function determining to determine a 
transmi ttance time-varying prediction function of said 
optical system in consideration of said predetermined 
condition; and 

setting said exposure amount control target value based 
on said determined transmi ttance time-varying prediction 
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function . 

20. An exposure method according to Claim 19, wherein 
said prediction function determining takes into consideration 
a period of time in which the operation of said apparatus is 
stopped . 

21. An exposure method according to Claim 19, wherein 
said predetermined condition includes an irradiation time of 
said exposure light on said optical system, said exposure light 
intensity, and an irradiation amount. 

^2 . An exposure method to transfer a pattern illuminated 
a light source with exposure light through an optical 
system onto a sufe^trate, said method comprising: 

setting a measurement interval in accordance with an 
exposure condition; and ^^^-^^^ 

measuring an amount of said exposiire'^ight passing 
^£jh r oi i gh— g-arj. d OyLicdl system in said measurement intervax; 

23. An exposure method acpef^ding to Claim 22, further 
comprising: 

obtaining a transmit tance of said optical system in 
accordance with ap^amount of said exposure light which is 
measured befoyr passing through said optical system, and said 
measurement result of said exposure light passing through said 
optica^r system. 



* 
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2*4^. An exposure apparatus to transfer a pattern 
illuminated>^ith exposure light from a light source onto a 
substrate through^n^ptical system, said exposure apparatus 
comprising : 

an exposure amount setting^unit to set an exposure amount 
control target value in accordance ^ith a transmi ttance of 
said optical system; and 

an exposure amount control system conneb4^ed with said 
exposure amount setting unit to control an exposure amount 
Joased on said set - py-nnsure amount rnn trol target valutas 
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!5. An exposure apparatus according to Claim 24, 
further comprising: 

a transmittance measurement unit which measures a 
transmi ttance\of said optical system, and 

said exposure amount setting unit sets said exposure 
amount control target value in accordance with said 
transmittance measured\y said transmi ttance measurement 
unit . 

j 

26. An exposure ir^aratus ^cording to Claim 25, 
wherein said transmittance measurement unit performs said 
transmittance measurement at a predetermined measurement 
interval . 

27. An exposure apparatus according to Clain\26, 
further comprising : 

a~~~ control unit to se L adid m e asu r ement interval of saJ 




8. An exposure apparatus according to Claim 27, 
further Comprising : 

an information reading unit to read information of a 
mask on which, the pattern is formed, and 

said control unit automatically determines measurement 
intervals for said transmi ttance measurement unit based on 
said information of s^aid mask read by said information reading 
unit. \> 

29. An exposure apparatus according to Claim 26, 
further comprising: 

a control unit connected witn\said transmi ttance 
measurement unit to set said transmi ttance measurement 
interval of said transmi ttance measurement uhit in accordance 
with a variation amount between a transmi ttancfesobtained by 
a most recent transmi ttance measurement and a transmi ttance 
obtained by a measurement performed before said most recent 
measurement, said respect ive measureme nt pprformed by sard 
tr^nsmTtt^mce measurement unit. 



30. An exposure apparatus according to Claim 29, 
wherein two sequential measurements of transmi ttance by said 
transmittance measurement unit are performed prior to 
starting of exposure. 
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31. An exposure apparatus according to Claim 29, 
wherein two sequential measurements of transmi ttance by said 
transmi ttance measurement unit are performed after starting 
of exposure . 
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3\^V ^ 2 * An exposure apparatus according to Claim 25, 
wherein &aid transmi ttance measurement unit includes 

a f irs^t optical sensor disposed in a light path of said 
exposure lightv to detect said amount of exposure light 
irradiated on sard pattern, 

a second optical sensor arranged to be substantially 
flush with the subs tratev and 

a control unit connected! with said first optical sensor 
and said second optical sensor detect said amount of 
exposure light passing through said optical system by using 
said second optical sensor at a timing which>^Corresponds to 
an exposure condition, and to obtain a transmittanb^of said 
optical system based on said amount of exposure li< 
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output — £ rom ~said first optical sensor . 

33. An exposure apparatus according to Claim 32, 
wherein said exposure amount control system controls said 
exposure amount based on said exposure amount control target 
value and said output from said first optical sensor when 
transferring said pattern onto said substrate. 



£>U^5^ !l>^n _exposure apparatus ^accordh ^ Clai m 32, 
wherein said control unit detects said amount or expostrre-iialit 
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J_ng passed through said optical system at a timing which 
correspon(J5^to a transmi ttance of said mask on which said 
pattern is formed / 
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35. An exposure apparatus accord^Lg to Claim 32 , 
wherein said control unit detects said amount of ^x^osure light 
having passed through said optical system at a timin^aet in 
consideration of one of a minim um 1 ^ ^ wi fli-h anH r parmissibl 
cposure amount error. 

;6. An exposure apparatus according to Claim 24, 
f ur the r\compri sing : 

a f JNrst optical sensor disposed in said light path of 
said exposure light to detect said amount of exposure light 
illuminated oiKsaid pattern, and 

said exposure amount control system controls said 
exposure amount based on said exposure amount control target 
value and an output f\pm said first optical sensor when 
transferring said painter*! onto said substrate. 

37. An exposure apparatus according to Claim 24, 
further comprising : 

a calculation unit to determiiie a transmi ttance 
time-varying prediction function of sard optical system in 
accordance with an irradiation history of exposure light on 
said optical system, and 

said exposure amount setting unit sets said "toosure 
amount con^oX-t^w?g^ value based on said Lransm-i^tasHsw 



:ime-varying prediction function determined by said 
calculation unit. 

38.\An exposure apparatus according to Claim 37, 
further comprising : 

a transmit tance measurement unit to measure said 
transmi ttance of\said optical system at a predetermined 
interval; and 

a correction uWit connected with said calculation unit 
to correct said transmi ttance time-varying prediction 
function each tin^e said\transmittance measurement is 
performed . 



39. An exposure apparatus^according to Claim 38, 
further comprising : 

a control unit connected with s^id transmi ttance 
measurement unit to set said transmi ttance measurement 
interval of said transmi ttance measurement uiUst in accordance 
with a variation amount between a transmi ttance x^btained by 
a most recent transmi ttance measurement and a trans*qlttance 
obtained by a measurement performed before said most recent 
measuremenj^s^ard-irrea^^ performed by said transmi ttance 

measurement unit . 



40. An exposure apparatus according to Claim 24, 
further comprising : 

a mask stage disposed between said illumination optical 
system and said projection optical system to hold said mask 
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on which said pattern is formed; and 

a substrate stage disposed in an image plane side of 
said projection optical system to hold said substrate, wherein 

said optical system includes 

an illumination optical system disposed in an 

optical path of said exposure light to illuminate said 

mask on which said pattern is formed with said exposure 

light, and 

a projection optical system disposed in said 
optical path of said exposure light to project said 
exposure light which exits from said mask onto said 
substrate . 
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41. An exposure apparatus according to Claim 40, 
further comprising : 

a driving unit connected with said mask stage and said 
substrate to synchronously move said mask stage and said 
substrate stage in a linear direction perpendicular to an 
optical axis of said projection optical system. 



An exposure apparatus to transfer a pattern 
illuminated with exposure light from a light source onto a 
substrate throttgli an optical system, said exposure apparatus 
comprising : 

a measurement unit treasure a variation in an amount 
of exposure light passing throucjh^^said optical system; and 
a control unit connected with said measurement unit to 
ivalsof said measurement performed bv saj 
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^irreargurement unit in accordance wftlr~air^xiDos^i^e--x:j gndi t-: 



An exposure apparatus according to Claim 42, 
wherein said measurement unit includes 



a first optical 
said exposure light t< 



irradiated on said pattern, and 



tensor aiT5poL§ed in an optical path of 
itect said amount'bi^exposure light 



a secondoEiicai — s-etreorr — arranged, to be substantially 
fluahr^with said substrate. 



44. An exposure apparatus to transfer a pattern 
illuminated with exposure light from a Light source onto a 
substrate through an optical system, sa^d exposure apparatus 
comprising : 

a measurement unit to measured a variation in an amount 
of exposure light passing through said optical system; and 

a control unit connected/with said measurement unit to 
change an interval of a measurement performed by said 
measurement unit, in accordance with a comparison result of 
a variation of a f irs t ^measurement of said light amount and 
a variation of a second measurement of said light amount. 



45. An exposure apparatus to transfer a pattern 
illuminated with exposure light from a light source onto a 
substrate through an optical system, said exposure apparatus 
comprising : 

a unit which communicates with said optical system to 
self-clean said optical system by irradiating said optical 
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system with said exposure light in a predetermined condition 
before starting of exposure; 

a calculation unit connected with said unit to determine 
a transmittance time-varying prediction function of said 
optical system in consideration of said predetermined 
condition; and 

an exposure amount setting unit connected with said 
calculation unit to set an exposure amount control target value 
based on said determined transmittance time-varying 
prediction function . 



4Sv An exposure apparatus to transfer a pattern 
illuminated v^th exposure light from a light source onto a 
substrate through^i optical system, said exposure apparatus 
15 comprising: 

a measurement unit to measure an amount of exposure light 
passing through said optical system^ a predetermined 
interval; and 

a control unit connected with said measurement unit to 
20 set said interval of a measurement performed by sa: 

measurement unit in accordarLae— wi th an exposure con ditio! 



47 . A method of making an exposure apparatus to 
transfer a^ttern of a mask onto a substrate, said method 
25 comprising: 

providing an 
said mask with exposure light; 

-piujeclioii optical s y stem Lu j^ ej- erT ^said 




cal system to irradiate 



exposure light emitted from said mask onto said substrate; 
>roviding a substrate stage to hold said substrate; 
prodding an exposure amount setting unit to set an 
exposure amount control target value in accordance with a 
transmi ttance of s^id projection optical system; and 

providing an exposure amount control system to control 
an exposure amount based ons^aid exposure amount control target 
value . 




48. A method of making an expo&yre apparatus according 

to Claim 47, further comprising: 

providing a mask stage to hold said ma"sjc; and 
providing a driving unit to synchronously moveb^id mask 

stage and said substrate stage on respective planes paraKl^el 

to a linear direction^ rppn rli .cular to an optical axis o f sa iri . 

projj&eirron optical system. 



49. A device manufacturing method including a litho- 
graphic process, wherein exposure is performed in said 
lithographic process by using said exposure method according 
to Claim 1. 



50. A device manufactu 
lithographic process, wherein 
lithographic process by using 
to Claim 14 . 



ring method including a 
exposure is performed in said 
said exposure method according 
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51. A device manufacturing method including a 
lithographic process, wherein exposure is performed in said 
lithographic process by using said exposure method according 
to Claim 16. 



52 . A device manufacturing method including a 
lithographic process, wherein exposure is performed in said 
lithographic process by using said exposure method according 
to Claim 19. 



53 . A devic^manufa 
lithographic prodess, w 
lithographic prpe^ss by 
to Claim 



od including a 
n exposure is performed in said 
ing said exposure method according 



54. A device manufactured by using said exposure 
apparatus according to Claim 24 . 



55. A device manufactured by using said exposure 
apparatus according to Claim 42 . 



56. A device manufactured by using said exposure 
apparatus according to Claim 44. 



57. A device manufactured by using said exposure 
apparatus according to Claim 45. 



58 . 



A device manufactured by using said exposure 



